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ENM Goal

e Predict Species Locations Based on Known Locations and
Climate/Geographic Spatial Data

e Requires manipulation of geographically referenced point data
and GIS raster data from variety of sources
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GARP

e Stands for “Genetic Algorithm for Ruleset
Production™

e Algorithm created by David Stockwell

e Uses genetic algorithm to create “rules” based
on input data

e Statistics are then used to find the probability
of each rule

e Used for ENM to predict species locations

based on input data

— Only one of many genetic algorithms that could be
used for ENM



F jar:file: / C: / kepler-1.0.0alpha8/build. . ..
File Help

Ready-to-run WorkiTows

Workflow Descripij

Ptoletny Introduction to the Ptolemy Intre

ENM {GARP)

Worlflows & link to a collection of Ex

& link to a collection of w

Using E in Kepler
ERL2 Simple Plot

& workflow to test the EIy

Ezample

Promotor [dentification A workflow that tests a m
Worlkflow web service query actor &
GEON Mineral Classifier A workflow for modal cla
GEON Map Workflow — GEOM geology tap integt
Discrete Logistic Single species Discrete Lo
;’:ﬂﬁlﬁj ”;;m Predalor | v predator Prey Model
Lotla-Volterra Predator

File View Help

=l

Ecological Niche Modeling (GARP) Workflows

ﬁa@v Ecological Miche Modeling (GARF) worldflows have been created using Kepler. Most are just pieces of a final, complete
workflow. . Brief descriptions of these 'samples’ are given below

1. Bazeline 3-Actor GARP

- Browser Display

This iz the basic starting point for many of the ENM worliflows. [t consists of Desktop GARF code
wrapped into 3 actors with inputs from static (pre-defined) files that are already in the exact formats
required by GARP (e g layers in * raw format). The final ocowrence distribution map i displayed
using a browser.

2. Bazeline 3-Actor GARP

- Imnagel Display

This workflow is the same as the previous one except the actor for displaying the resulting map is
now the Imagel actor, based on the Imagel image processing system developed at NIH. Thiz actor
allowrs the user to carry out a variety of manipulations on the resulting irmage.

3. GARP with Ocourrence

Data from DiginFoogrid

This workflow gets the GARFP occurrence data from a DarwinCore data search through the Ecogrid.
It Mustrates how Kepler/SEEK technology can supply dynarnic data sources.

Data and Layer Integration

4, GARP with Qcourrence

This example extends the previous model by adding the dynamic integration of a zet of geographic
laers that are in * ASC grid formnat. In this case, the ASC grids all hawe the same extent and grid
sizes. These layers are feed through an actor which conwerts them to the raw files needed for GARP
and autormatically creates the *. dzl file which surmmarized the layers for GARP.

Data and Ecogrid Layer
Integration

5, GARF with Occurrence

This example obtaing occurrence data and one layer of ASC spatial data from the Ecogrid. The spatial
data layer is regridded and mtegrated with other ASC layers to create the * RAW and * dud files
needed by GARP. This example thus iltustrates how one can add to spatial data with new source.
{Mote: spatial data is low resolution to rnirize downdoad and min times. )

6. GDAL Input and
FeProjection

This workflow shows an example of using the GDAL system for input of specialized GIS format files
and reprojection of spatial data into desired forms.

7. GARP Oimizsion
Cormtrission Exarnple

The example calculates omizsion and comrmsion walues from the output of a GARP prediction map
and a test set' of occurence longitudes and latitudes. Eesults are written to a local file as a table.




Conceptual GARP Model

—

Acquire Data

DiGIR Species
Location List

Environmental GIS
Layers

HydrolK Precip GIS
Layers

Climate Change GIS
Layers

Spatial Data
Manipulation

Spatial Integration

Convex Hull Creation

GARP

Presampling

Actual GARP
execution

Prediction

Statistical
Sampling

Omission/Comission
Calculations

Statistically choose
the best subsets




=== Tools for data acquisition

e Ecogrid
- DIGIR - Museum collection data
— SRB - large GIS layers

e Local files/Kepler file reader
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SEEK Spatial Manipulation Tools In
Kepler

e GIS tools
- GDAL
— GRASS

e Java tools
- Specialized actors
- lmageJ
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EEK_ Java Routines for Convex Hull Calculation
and Rasterization

Java routines for oD e K
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=g Java Actors for Rescaling and Merging

Constant
SDF Director =]
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Finish

This workflow takes a grid image of the entire world, creates rescaled images of
H Morth America and South America (using the Grid Rescaler) and then recombines
G rld raSterS can be the two rescaled grids into a new grid including all of the Americas using
€ ? 1 1 the M Grid actor.
merged’ with various ltiiablien
operations on data in T ERRE RS
Feb 2, 2005
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Q%EEK GDAL - Geospatial Data Abstraction Library

http://www.remotesensing.org/gdal/

Hydro1k Morth American - DEM

i—\_' Array Element
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-~

il Projection2
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Conversion between
different projections
possible

File format conversions
also possible



Functionality

 Polygon
Rasterization

e Raster
Buffering

GRASS - Geographic Resources Analysis

Support System (http://grass.itc.it/)
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BEEK  GARP Actors in Kepler

e GARP Presample

- Presamples data points based on preset
sampling criteria

e GARP Algorithm
— Runs the actual GARP algorithm

e GARP Prediction

— Predicts spatial points based on the output
“rules” of GARP Algorithm



Single GARP Calculation
Workflow

Species locations EnvLayerSet
(longitude, latitude) \q‘,pmperty("KEF'LER"}+;$ib-’l93‘datafgarp"“'# 4

GarpPresampleLayers
DataPoints
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GarpAlgorithm

GARP
Algorithm

P C:\kepler-1.0.0alpha8\lib\testdata\garp\IPC - o] x|

{EnvLayerSet Id="Env Layer Set Id" Title="Env Layer Set Titli’ >
{EnvLayer Type="Layer"” Id="Aspect_HSA" Title="Aspect_HSA" Mz

{EnvLayer Type="Layer"” Id="CTI_NSA" Title="CTI_NSA" HMatrixTy
{EnvLayer Type="Layer"” Id="DEM_NSA" Title="DEM_NSA" HMatrixTy
{EnvLayer Type="Layer"” Id="FlowDir_HSA" Title="FlowDir_HSA" -
{EnvLayer Type="Layer"” Id="Slope_HSA" Title="Slope_HSA" Hatr GarpPrediction
{EnvLayer Type="Layer"” Id="ccou&l90_average_ann"” Title="ccou
{EnvLayer Type="Layer"” Id="frostFreq&l190_average_ann"” Titles=
{EnvLayer Type="Hask" Id="mask"” Title="mask" MatrixType="Raw
{EnvLayer Type="Layer"” Id="maxT&190_average_ann"” Title="maxT
{EnvLayer Type="Layer"” Id="minT&190_average_ann"” Title="minT
{EnvLayer Type="Layer"” Id="precip&l9@_average_ann" Title="pr
{EnvLayer Type="Layer"” Id="radiance&l90_average_ann" Title="
{EnvLayer Type="Layer"” Id="trange&l19@_average_ann" Title="tr
{EnvLayer Type="Layer" Id="vaporpressél90_average_ann" Title
{EnvLayer Type="Layer" Id="wetdayfreqél90_average_ann" Title
{EnvLayer Type="Layer"” Id="wind&19@_average_ann"” Title="wind

KI

ruleSetFilenameOutput




BEEK  gtatistical Post-processing

e Calculate omission/commission errors

e Select best subsets based on
omission/commision



@2eeic  Omission/Commission
Calculation

e GridSummary actor can calculate
omission/commission errors from GARP
output

e GridSummary Is a specialized actor
written in Java




Creating a Best Subset

e R can be used for best subset selection
e Choose the GARP predictions with the lowest omission

and commission rates

SDF Director

RExpression

Constant |:]|5',F:||a'!'|I

[:} property("KEPLER") + "libftestdata/garp...
This workflow is an example of how one can use the RExpression acisg to df <- read.table(DCTable)
select the "best subset' from a series of GARP calculations that have bex df

used to create an Omission/Commission table. dfl <- df[order(df$v1),]

df1
df2 <- df1[1:(0.1%length(df1$V1)] |
df3 <- df2[order(df25V2),]

| <- length(df3§V1)

df4 <- df3[(0.25%1):(0.75%]),]

df4

The table is in a text file. Each row of the table contains 3 tab seperated
items: the omission, the commission, and the file name of the GARP ruleSet
(need for recreating the result map). That table file name is the input to the
RExpression actor.

The RScript sorts the table and first selects the 10% of the values with minumum
omission values. It then sorts the commission column and selected half the
values around the median of the commission. That is the "best subset'

Dan Higgins - April 27, 2005



=== Barriers to Implementation

e Diverse input file formats
e Agreement on statistical methods

e Understanding the “true” workflow
behind ENM/GARP

e Complex data flow
e Prerequisite “massaging” of data

e \We have currently mplemented pieces
of the entire ENM workflow, but not all
the pieces will fit together
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